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ABSTRACT
A field study was conducted to investigate nekton community composition and 
export of secondary production from a tidal freshwater marsh located within the 
Chickahominy River system. Composition, abundance, and biomass of the 
nekton were sampled at .5 hr intervals during ebb tide using a block weir in the 
late summer and fall of 1995. Variations in nekton composition, abundance, and 
biomass were observed between day/night sampling, tidal stage, and sampling 
period. A total of 3,214 fish (18 species) and 2,573 crustaceans (3 species) were 
collected. Fish were more abundant in the marsh during the day than at night 
while crustaceans were more abundant at night. High numbers of nekton tended 
to start exiting the marsh after the middle of the ebb tide and continued to exit in 
abundance up to within an hour of slack low. Bluegill (Lepomis macrochirus) was 
the most abundant fish (38%) collected and largest contributor of total biomass 
(47%). Stomach content analysis and in situ fish feeding experiments were 
conducted on bluegill in order to assess their relative importance to energy 
transfer between the marsh and adjacent subtidal habitats. Stomach content 
analysis of bluegill collected in the weir and feeding experiments suggests the 
importance of chironomids, corophid amphipods, copepods, mites, and 
miscellaneous eggs. While oligochaetes were most abundant in marsh sediment 
cores, they were not utilized by bluegill. Bluegill predation was higher on the 
marsh edge and low marsh than in the high marsh. Bluegill in the low marsh fed 
heavily on chironomids while bluegill at the marsh edge fed on mites and 
unidentified eggs. Nekton entering the marsh potentially consume and export a 
significant portion of secondary marsh production to subtidal habitats during ebb 
tide on a daily basis. The findings of this study, show that non-resident marsh 
nekton such as bluegill use the marsh as a nursery at high tide, exploiting it as a 
foraging habitat. The stomach analysis of large piscivores, which showed an 
absence of bluegill, indicated that the marsh provided a predation refuge for 
juvenile bluegill. Largemouth bass predominately fed on resident marsh nekton 
such as banded killifish and grass shrimp. Marsh habitats are known to be 
important to marsh resident species, but tidal freshwater marshes are also 
important to non-resident nekton (estuarine and freshwater species), in terms of 
food and refuge for juvenile and adult nekton.
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2Introduction
Tidal wetlands were once thought to be important mainly as sources of 
carbon, detritus, and in the secondary production of invertebrate prey that could 
be transported into adjacent creeks and bays (Hettler, 1989). In addition, tidal 
marshes are now known to be nursery areas for juvenile fish and crustaceans 
that migrate into tidal marshes during inundation (Hodson etal. 1981, Odum et 
al., 1984). Tidal freshwater marshes support a diverse community of nekton 
(Mclvor and Odum, 1986; Odum et al, 1984; Killgore et al., 1989; Rozas and 
Odum, 1987c). Many species recruit into marsh habitats as postlarvae or 
juveniles and utilize the marsh habitats before reaching a critical size. As nekton 
grow and marsh habitats no longer provide sufficient food or refuge, nekton 
become more dependent on adjacent subtidal habitats (Hodson et al., 1981). 
During this transition, some species utilize marsh habitats on a daily basis for 
food or refuge. This study focuses on nekton utilization of tidal freshwater marsh 
habitats. Previous studies that have addressed nekton communities in marsh 
habitats have not focused on the importance of tidal freshwater environments to 
freshwater and marine fisheries. In the southeastern US, most of the research 
has focused on salt marshes (Rozas, 1993). Nekton in tidal freshwater 
communities are a mixture of marine and freshwater species with interactions not 
usually considered in either freshwater or marine studies (Mclvor and Odum,
1988). In terms of salinity, these are transitional zones that are associated with 
specific communities of nekton. The diverse nekton community in tidal
3freshwater may be a significant contributor to energy flows within Chesapeake 
Bay and its numerous tributaries.
Transfer of marsh macrobenthic secondary production to adjacent open 
water habitats by the nekton community was addressed in this study. Many 
nekton species feed on marsh invertebrates that are found on the vegetation and 
in the sediment in tidal freshwater marshes and the adjacent intertidal habitats 
which include unvegetated mudflats and submerged aquatic vegetation. 
Limnological studies have found that fish communities are supported by a 
seasonally abundant invertebrate community linked to the proliferation of 
macrophytes (Keast, 1985). Numerous pathways of energy link the marsh 
surface, macrophyte beds, and deeper open water habitats and provide nekton 
with food. In order to understand nekton ecology in tidal freshwater, more 
information is needed to describe spatial and temporal abundance of nekton and 
patterns of habitat utilization of the nekton community.
In salt marshes, most nekton are found within 3 m of the marsh-creek 
interface (Minello et al., 1994). It has been suggested that the interior of a marsh 
is utilized by small nekton and larger nekton only where creeks and rivulets 
provide access from the subtidal habitats. The creation of edge habitats and 
creeks in constructed marshes increases use of the marsh surface by infauna 
and nekton (Minello et al., 1994). Previous studies in tidal freshwater marshes 
suggest that marshes with complex tidal creek systems are more productive in 
terms offish utilization than are marshes without creeks (Rozas and Odum, 
1987a). Even without low tide refuges like creeks or rivulets, resident nekton can
4take refuge in shallow microhabitats on the marsh surface during low tide (Kneib, 
1984). This study focuses on the movement patterns and temporal distribution of 
nekton which feed in marsh habitats before seeking subtidal habitats as the 
marsh drains.
Food and refuge are two of the main reasons why fishes move into marsh 
habitats. A major portion of the particulate organic carbon in tidal freshwater 
habitats is from upland drainage; however, little is known about its utilization 
(Diaz and Schaffner, 1990). Benthic secondary production is part of the larger 
scheme of energy movement through an ecosystem (Diaz and Schaffner, 1990). 
In the Chesapeake Bay, 60% of the annual secondary production may be 
potentially consumed by nekton (Diaz and Schaffner, 1990). There is clearly a 
key link in supporting a high yield of commercial and recreational fisheries by 
converting primary organic matter into forage biomass (Diaz and Schaffner,
1990).
Benthic-pelagic coupling via nekton utilization of marsh may represent a 
substantial flux of high quality energy through predation on benthic invertebrates. 
The detrital food webs based on emergent and submerged vegetation of shallow 
water habitats represent substantial flow of energy to adjacent habitats. 
Chesapeake Bay, with its many tributaries, is an important nursery for resident 
species and for a large number of migratory Atlantic coast species. These fishes 
are an important commercial and recreational fishery resource. The juvenile 
stages may be especially important; Hjort (as early as 1916) hypothesized that 
survival of juveniles during the critical first days to months of life determines
5cohort size (Caddy, 1986). The early life histories of estuarine dependent and 
freshwater nekton are well adapted to take advantage of the primary 
production/detrital food chain in marshes (Day et al., 1989). Productive nursery 
habitats are essential for the survival of juvenile nekton. The loss of nursery 
habitat in other systems may have contributed to the decline of many fisheries 
(Lewis, 1995). Since nekton utilization of tidal freshwater marshes by 
nonresident species was not a focus of previous studies, it was important to 
address potential roles of tidal freshwater marshes as foraging habitats or 
predation refuge for nonresident nekton.
In most cases, no single habitat can meet all the life history needs of a 
nektonic species, because habitats differ in important ways. Understanding the 
linkages among habitats has been a major challenge to community ecologists 
(Lodge et al., 1988). Factors such as tidal amplitude, marsh relief, vegetation, 
and drainage system morphology interact to determine the utilization of a marsh 
as a nursery for juvenile and resident nekton. Shallow water habitats with dense 
aquatic vegetation are ecologically important for the production of fish and 
invertebrates (Guillory et al. 1979). In tidal freshwater, nekton are more often 
associated with shallow and vegetated habitats than with the deep channels 
(Odum etal., 1984). During high tides, nekton may prefer the intertidal marsh 
surface, for food or refuge, over adjacent subtidal habitats. Water in the shallow 
open habitats adjacent to the marsh may be too deep to provide a depth refuge 
from predation. This is suggested by the generally higher abundance of juvenile 
nekton in the intertidal regions of marshes as compared to deeper areas
6(Weinstein and O'Neil, 1986). Intertidal marsh habitats are not continuously 
available to nekton as a nursery, which can potentially expose them to predation 
as they follow the ebbing tide out of the marsh at low tide. However, this does 
not decrease the importance of marshes as nursery areas. The structure and 
availability of feeding and refuge habitats during inundation must compensate for 
the dangers of desiccation and predation pressure. The energy or refuge offered 
by the flooded marsh surface to juvenile nekton at high tide may contribute 
significantly to cohort success.
The seasonal proliferation of submerged aquatic vegetation (SAV) 
provides seasonally available refuge in shallow open water habitats adjacent to 
marshes. These are shallow unvegetated areas where fish experience higher 
predation pressure if not for the presence of dense vegetation. Along with 
providing access to the marsh surface, shallow subtidal habitats provide nekton 
with a feeding and refuge habitat. Tidal freshwater marshes in Virginia typically 
experience a seasonal increase in biomass of SAV from spring to late summer, 
which provides a nursery habitat for juvenile nekton. The dominant species of 
SAV in this study, water nymph (Najas minor), was determined by Rozas and 
Odum (1987b) to be structurally complex and to attract large numbers of nekton 
even at low plant densities. Experimental manipulation has found that tidal 
freshwater marshes with adjacent SAV beds are utilized more by nekton than are 
marshes without SAV beds (Rozas and Odum, 1987b). Tidal freshwater marsh 
environments with adjacent SAV may contain a higher density of nekton because 
of the increased prey resources and refuge that this habitat provides to small and
7juvenile nekton. Enclosure experiments have indicated that SAV provides rich 
feeding habitats as well as adequate refuge from predators in tidal freshwater 
environments (Rozas and Odum, 1988). This dense SAV habitat is not available 
in late fall and winter due to senescence with decreasing light and water 
temperature, and it is unclear how nekton respond to the loss of a prime nursery 
habitat. Emergent plants on the tidal freshwater marsh surface which provide 
refuge for many nekton in warmer seasons also die back in the winter. Deep 
open water habitats may be the only habitat utilized during the winter. Changes 
in available SAV and emergent plants from spring to fall contribute to changes in 
nekton use of the marsh surface in tidal freshwater environments (Rozas and 
Odum, 1987a, 1987b, 1987c). Little is known about the extent to which fish 
migrate into marsh habitats due to food and refuge availability on smaller time 
scales which take diel and tidal cycle into consideration.
Small nekton foraging in tidal freshwater marsh environments take 
advantage of abundant prey in marsh habitats and reduced predation risk in 
creeks. The periodic nature of marsh habitat availability due to the tidal cycle is 
an additional factor. The tidal cycle may play a major role in the risk of predation 
and in the selection of habitats. Previous studies suggest a greater use of the 
marsh surface by juvenile nekton and a greater use of deeper creek areas by 
larger piscivores (Rozas and Odum, 1987c, Mclvor and Odum, 1988). The 
ebbing tide forces juvenile fishes from the marsh surface into marsh creeks that 
hold larger predators. Mclvor and Odum (1988), showed that piscivores that 
were sampled by electrofishing in the marsh creek were rarely captured on the
marsh surface. The tidal cycle contributes to the complexity of predator-prey 
interactions and the available food and refuge for nekton utilizing marsh habitats 
changes both daily and seasonally.
Centrarchids (sunfish) are an important species in marshes and other 
freshwater habitats. It is difficult to determine what percentage of sunfish larvae 
and juveniles in a body of water utilize the marsh habitats. Very little information 
is known about larval and juvenile freshwater fishes in lacustrine marshes (Liston 
and Chubb, 1985). Even less is known about larval and juvenile fish in tidal 
freshwater marshes. Larval development of sunfish occurs in the open water 
(Amundrud et al., 1974). Sunfish larvae and postlarvae (<30mm) have also been 
collected in vegetated beds and occasionally in open water at night in Lake Erie 
(Petering and Johnson, 1991). As sunfish larvae increase in size, they start to 
migrate into nontidal marsh habitats. They have been documented to move 
shoreward at 3-4 weeks of age (Werner and Hall, 1976). Postlarval sunfish use 
intertidal freshwater marshes for feeding and for refuge from predation. Fish 
restricted to submerged weedbeds by predators may suffer a reduction in growth 
(Werner et al., 1983). Juvenile sunfish utilize the littoral zone in lakes until they 
reach 50 to 83 mm SL depending on the lake, before feeding in the pelagic 
zones (Werner and Hall, 1976). Tidal and nontidal marshes are important 
nursery habitats for juvenile sunfish until they migrate to open water habitats. 
Problems of sampling fish in marsh habitats
The lack of proper gear has limited the study of feeding and movement of 
nekton in marsh habitats. Sampling gear must be appropriate for the target
9species and habitat as well as for the overall objectives of the study (Rozas and 
Minello, 1997). Sampling of nekton in a tidal freshwater marsh is very difficult. 
The high stem density and tremendous height of vegetation on the marsh surface 
makes many techniques for sampling this nekton community impractical. The 
soft sediment and fragile emergent vegetation can not tolerate disturbance from 
repeated active sampling procedures: this differs from salt marshes which are 
often characterized by finer sediments and less fragile cordgrass (Spartina 
alterniflora). The high frequency of samples required to adequately characterize 
nekton movement would disturb the marsh surface. Consequently, few nekton 
sampling techniques have been developed to intensively sample tidal freshwater 
marshes. Mclvor and Odum (1986) used a mesh flume with a removable cod- 
end which was constructed on the marsh surface. Once the flume was set up, 
there was no major disturbance associated with the collection of the nekton from 
the flume. This technique had the disadvantages of restricting lateral nekton 
movement on the marsh surface, and of limiting access from the marsh creek 
during a flooding tide. This technique was nonetheless effective at comparing 
nekton utilization based on stream order and slope of marsh bank. This study 
greatly increased our knowledge of intertidal nekton assemblages in tidal 
wetlands, and stimulated questions of the importance of marshes to tidal 
freshwater nekton.
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Objectives
1. Describe how nekton use tidal freshwater marsh habitats over the course of 
an ebbing tide.
2. Compare day and night nekton use of tidal freshwater marsh habitats.
3. Compare summer and fall nekton use of tidal freshwater marsh habitats.
4. Evaluate Centrarchid feeding in tidal freshwater marsh habitats by comparing 
benthic community composition with prey items found in the stomachs of nekton.
Hypotheses
The general hypotheses to be tested in the Morris Creek tidal freshwater marsh 
are:
Related to objectives 1, 2, and 3:
Ho1: Nekton are present in the marsh at the same density during the day and 
night.
Ha: The diel cycle affects utilization of the marsh by nekton.
Ho2: Nekton density is the same in the summer and fall.
Ha: The loss of SAV during the season from summer to fall, coupled with 
other environmental factors, affects nekton utilization of the marsh.
Ho3: There are no size or species specific emigration patterns as nekton exit the 
marsh.
Ha1: During ebb tide larger fish tend to exit first and smaller fish last.
Ha2: During ebb tide smaller fish tend to exit first and larger fish last.
Related to objective 4:
Ho4: Nekton utilize all marsh habitats for feeding and refuge in the same way.
Ha: Differences in habitats that determine availability of food and 
protection cause differences in utilization.
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Methods 
Study Site
The study site was a small pocket marsh within the Chickahominy Wildlife 
Management Area, (Charles City County, Virginia). The marsh was located on 
Morris Creek, a tributary of the Chickahominy River (Fig. 1). The marsh 
contained a meandering creek having a maximum width of 4 m and maximum 
depth of 1.5 m at its mouth during mean high water. The total length of the 
marsh was -270 m with a maximum width of less than 100 m. The head of the 
marsh was adjacent to a wooded ravine with no exiting stream. The major 
advantage of sampling at this marsh was its shape, which allowed complete 
closure at high tide with a weir placed at the only access to open water habitats. 
The site experienced semi-diurnal tides with a range of -0.75 m of inundation on 
the marsh surface during spring tide. The vegetation on the marsh surface 
consisted primarily of arrow-arum (Peltandra virginica), and wild rice, (Zizania 
aquatica). The dominant submerged aquatic vegetation (SAV), water nymph 
(Najas minor), was present from spring to fall. Peak biomass of SAV occurs 
between July and August.
The weir technique used in this study and described below can provide 
answers to large-scale questions about nekton use of tidal freshwater marshes. 
The vegetation and fishes are not disturbed since collection did not occur on the 
marsh surface. There was no restriction to the movement offish on the marsh 
surface, and the actual sampling of the nekton did not interrupt nekton
12
Figure 1. Morris Creek and its connection to Chickahominy River and James 
River as tributaries of the Chesapeake Bay, USA.
900 0 900 1800 Meters
13
movement. Time interval collections allowed for a time sequence of nekton 
exiting the marsh with the draining of flooded marsh habitat over an ebb tide. The 
assumption made in using the weir was that nekton exited the marsh after it no 
longer provided a valuable feeding or refuge habitat. This weir was emptied 
every 30 minutes. Previous weir studies typically have represented one 6 hr 
deployment, which was not suitable for fine-scale characterization of temporal 
distribution patterns. A 30 minute emptying schedule was preferable when 
nekton are collected in a time series and when nekton need to be rapidly fixed to 
preserve their stomach content.
Most of the previous work in tidal freshwater marshes in which nets and 
cod ends were used to collect fish on the marsh surface during ebb tide were 
conducted during spring tides (Mclvor and Odum, 1986, 1988, Mclvor etal.,
1989). These authors reported that the marsh experienced its greatest 
inundation and drained the marsh surface with the most consistency during these 
times of the month. Previously collected water level recorder data show that tidal 
velocity-asymmetry resulted in the marsh not draining completely on spring tides 
(Yozzo, unpublished data). This phenomenon resulted in the need to make fine 
adjustments as to when the sampling begins based on the actual tidal conditions 
currently observed. Spring tides were the time in which the marsh surface 
inundation is the greatest. Spring tides during full moon tend to flood and drain 
less compared to spring tides during new moon. During full moon, the marsh 
creek most likely would not have drained completely which could potentially be a 
problem in a marsh with an extensive network of deep marsh creeks that could
14
hold nekton at low tide. The study was developed to sample during full moon 
because of the better consistency in day and night inundation; though the 
increased flood and drain during new moon would be the ideal situation for 
collecting nekton in the marsh if diel patterns were not being addressed.
Block Weir
The primary sampling gear used was a block weir placed at the mouth of 
the creek. The four components of the weir (two wings, a funnel, and a cod-end) 
were all assembled using posts modified with sliding PVC attachments after 
Mclvor and Odum (1986). These connections made it possible to quickly set up 
the weir at high tide while ensuring a good seal between components. The wings 
of the weir consisted of tarred seines with heavy chain attached along the bottom 
edge. Seines have been previously used as intertidal traps in other studies (Cain 
and Dean, 1976; Rountree and Able, 1992; Levy and Northcote, 1982). These 
wings were extended at slack high tide across the marsh surface from the high 
marsh to the marsh creek on both sides to prevent fish from swimming around 
the weir. Nekton then exited the marsh only through the tidal creek. The two 
wings came together in the marsh creek, creating a channel which directed fish 
into the cod-end. The wings of the weir were attached to a 3m x 0.5m funnel 
constructed of 1/8 inch mesh sides and a mesh bottom supported by a wooden 
frame. The narrow end of the funnel pointed down-creek and was attached to a 
removable cod-end constructed with 1/8-inch mesh. The cod-end was situated 
just inside the mouth of the creek where nekton would normally exit the marsh. A 
2.5 x 2m platform and two 3m catwalks were supported above the marsh surface
15
to provide a dry working area and to further reduce the destruction of the marsh 
surface and disturbance to nekton.
On an incoming tide, all mesh structures were suspended above the 
water surface. Nekton thus entered the marsh without being detoured by artificial 
structures. The funnel of the weir was supported above the water using four 
hitch pins on the attachment poles. The wings were rolled up and placed on the 
high marsh along with the cod-end. In order to start the experiment at peak high 
tide, the four hitch pins were pulled, which allowed the funnel to drop into the 
marsh creek. A field technician then pushed the funnel firmly into the bottom with 
his/her feet. The cod-end was next put in place. The wings were then unrolled, 
attached to the wide end of the funnel, and the chain was pressed into the marsh 
surface and marsh creek. Nekton were then collected every half-hour from slack 
high tide to slack low tide as described below.
To remove nekton from the cod-end at half-hour intervals, a researcher 
entered the marsh creek at the mouth of the funnel by stepping directly onto the 
supported bottom of the funnel. To prevent nekton from escaping, the funnel 
area was swept into the cod-end with a seine that was left in place as a blocking 
device while the cod end was removed. Nekton which were in the funnel were 
thus treated as nekton that would have entered into the cod-end on their own if 
allowed the remaining five minutes of the sampling interval to exit the marsh.
The cod-end was lifted vertically from the water as the sweeper prevented fish 
from passing through the funnel. The cod-end was carried to and placed on the 
platform adjacent to the creek and nekton were removed. The cod-end was
16
reattached to the funnel, and finally the sweeper was removed from the funnel. 
This procedure took approximately ten minutes from start until the emptied cod- 
end was back in place. The nekton were then allowed to enter the funnel without 
disturbance for approximately twenty minutes between collecting procedures. 
After 12 samples were obtained, the marsh creek was seined from 15 m 
upstream to the opening of the weir. If the marsh was completely drained, a final 
sweep was not attempted. The entire procedure was standardized and did not 
vary significantly over time or with day and night collecting. Changes were made 
to the cod end for the fall sampling period. The original cod end constructed of 
1/8 plastic mesh did not hold up well under repeated sampling. The second cod 
end was constructed of 3/16-inch nylon mesh that was more resist to tears.
This sampling design was not intended to collect fish less than 15mm SL. 
This excluded fish larvae or the smallest size class of postlarvae. After the 
summer sampling, the size of the cod end was increased from 1/8 to 3/16-inch 
mesh size. Most of the species in this study were not affected by this, since 
many of the young of the year by late summer were much greater than 15mm SL 
and were collected in the weir even with the increase in mesh size. Mosquitofish 
which are very small even as adults were the only species that may have been 
affected by bias due to changes in mesh size. Even with a proper mesh size to 
collect mosquitofish, the ability of this fish and of other resident marsh fishes to 
remain in the marsh after low tide makes it difficult to quantitatively collect these 
species.
Fish collected that were larger than 100m were injected with formalin into
17
the stomach cavity to ensure preservation of the stomach contents. Nekton 
collected in the weir were placed in labeled cloth bags which were put into five- 
gallon plastic buckets filled with 10% formalin. Nekton remained in the buckets 
until they were identified, counted, measured, weighed, and eviscerated. Nekton 
were then transferred to glass jars for long term storage.
SAV
In August, visual observations in the marsh creek and adjacent open 
water habitats indicated that lush and abundant SAV structure was available at 
the selected study site. Weekly to biweekly visual monitoring of the SAV beds 
was conducted to ensure that SAV beds were still sufficiently dense for a 
summer SAV sampling period in September. In October, all that remained of 
these beds were sparsely distributed low density clumps of partially attached 
SAV on a predominately unvegetated bottom. In previous studies, the presence 
of dense SAV beds was shown to be responsible for seasonal changes in fish 
abundance (Rozas and Odum, 1987b). Sampling in September was designed to 
evaluate the fish community when these beds were present, while sampling in 
November examined nekton when beds were absent.
Day / Night
The same procedure was followed to collect fish in the day and night. 
Flashlights were used at night during the removal of the fish from the cod-end; 
this took place on the raised platform. All other uses of light were minimized so 
as not to disturb the movement of nekton. The illumination of the full moon during 
night sampling reduced the need and some of the troubles of providing sufficient
18
light in the field. The major goal of night sampling was to examine diel 
differences in utilization of the marsh surface. After the completion of the 
summer sampling period, it was determined that the project design would be 
successful at collecting nekton repeatedly for day/night sampling. Three 
day/night collections were carried out within a period of suitable tidal and light 
conditions. Multiple day sampling may also provide some insight as to the 
effects of removal by this gear on the nekton population utilizing the marsh. 
Habitat Availability
The extent to which marsh habitat flooded with respect to the tide was 
determined by placing markers at the water's edge every half-hour as the tide 
receded. At time 0 and after the collection of each of the twelve half hour 
samples, PVC poles were pushed into the sediment at the waters edge as the 
ebbing tide drained the marsh surface. This was only performed at the first 
collection, and poles remained in the marsh as markers for later determination of 
habitat availability based on water cover. The markers were used to determine 
the flooded area of the marsh surface on subsequent sampling days. The 
markers were used to ensure that the start times of subsequent collections of 
nekton could be adjusted from those predicted by the tide chart just in case local 
weather conditions affected inundation of the marsh. The tidal conditions at the 
start of each collection remained similar in terms of tidal inundation through out 
the study.
Electroshockina
Electro-shocking on the marsh surface and marsh creek was done with a
19
backpack unit, Smith-Root Model 12 POW electroshocker, to collect nekton 
within marsh subhabitats. Nekton were sampled at high tide in the high marsh, 
low marsh, and marsh creek. Subhabitats were sampled at different distance 
intervals from the mouth of the creek to determine if nekton were penetrating into 
the interior of the marsh. Collected nekton were preserved in 10% formalin.
Gut Content Analysis
The stomachs of centrarchids and piscivores collected in the weir were 
removed and weighed after preservation in 10% formalin. The stomachs were 
then opened and the contents washed out with 5% formalin and stored in glass 
jars until processing. The empty stomachs were then reweighed; this weight was 
subtracted from the full gut weight to get the weight of the contents. The 
stomach contents were counted and prey were identified to the lowest possible 
taxon. Each stomach was analyzed separately by placing its content into a 
plexiglass raceway to be examined under a dissecting microscope.
Feeding Experiment
In order to examine the feeding offish on the marsh surface, an enclosure 
experiment was also conducted. The experiments were conducted two days after 
the last fall weir sampling day. The enclosure experiment consisted of five 28.6- 
cm diameter (.064 m2) open-bottomed cylinders (5-gallon buckets). The bottom 
edge of each cylinder was sharpened to cut into the sediment, thus keeping fish 
inside the enclosure. Each bucket enclosure had four 6-cm diameter holes in the 
sides to allow water to enter and exit with the tide. The holes were covered with 
1-cm mesh to prevent fish from escaping. Sunfish for the experiment trials were
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collected during a single deployment of the weir and were placed into a mesh 
covered plastic wading pool anchored on the high marsh without added food. 
Three to four sunfish (47-63 individuals/ m2) were placed into each enclosure and 
were allowed to feed for approximately 30 minutes during a daytime high tide.
The density of sunfish on the marsh surface has not been determined. These 
densities were based on work by Rozas and Odum (1987a) who found that as 
many as 42 bluegill have been collected with a 1 m2 throw trap in the SAV at this 
site. The nekton were added to the enclosures in a rotational manner, and were 
removed from each enclosure after exactly 30 minutes.
Once the fish were removed, formalin was injected into the stomach cavity 
and fish were placed in 10% formalin in cloth bags. A sediment core (7.5-cm 
diameter) was taken from each enclosure after the feeding experiment to 
determine the abundance of macrobenthos remaining. The top 2.5-cm of the 
core was removed and placed in a whirl-pak bag. The bags were then 
transported to the laboratory where they were sieved through nested 250 and 
500 pm sieves. The samples were then fixed with 10 % formalin and placed 
back into the whirl-pack bags.
Statistical Analysis
Species abundance and size class structure of nekton collected from the 
marsh creek were analyzed using a stratified analysis of variance (F and chi- 
square distribution based tests), for overall associations through time and marsh 
habitat with a Cochran-Mantel-Haenszel chi-square statistic. When adjusting for 
the stratified analysis, the Mantel-Haenszel statistic was used to assess the
21
conditional association for individual tables. When sample sizes did not meet the 
requirements of the Cochran-Mantel-Haenszel chi-square statistic, the Fisher’s 
Exact test was used to determine conditional association for individual tables.
The null hypothesis in these tests was that nekton abundance and size 
distributions were the same on seasonal, daily, or hourly time scales.
The lack of repeated sampling made it impossible to test for daily 
variability in the summer data. Some fish may have inadvertently utilized the 
marsh and it was likely that sampling for only one day could over or under 
estimate their use of the marsh. The repeated sampling in the fall was used to 
determine which species use the marsh on a daily basis. Any species present in 
the fall on a daily basis was assumed to be utilizing the marsh in the summer on 
a daily basis if present in the one day of summer sampling. Only fish that 
consistently use the marsh on a daily basis were included when comparing 
summer and fall with respect to the diel and tidal cycle.
The gut content data from the weir and enclosure experiment was used to 
test for the influence of habitat on the feeding habits of nekton collected in the 
marsh. Contingency tables were used to analyze the stomach content data and 
to compare the stomach content to invertebrate data simultaneously collected on 
the marsh surface (Diaz et al. In Prep). The null hypothesis for the stomach 
content analysis was that the distribution of prey items in the stomachs of nekton 
are the same as the distribution of available prey items on the marsh habitats.
22
Results 
Fishes
A total of 3215 fishes were collected exiting the Morris Creek tidal 
freshwater marsh on eight ebbing tides, representing 15 estuarine and 4 
freshwater species (Table 1). This nekton community was highly variable with 
regard to seasonal, daily, and diel movements (Table 2-3). The numerical 
abundance of nekton in the marsh was higher in the fall than in late summer 
(Mantel Haenszel chi-square= 53.3, prob=.001). The total biomass of the nekton 
community, however, did not significantly change. There was a shift to smaller 
fish in the fall as the abundance of juvenile bluegill increased. Utilization of the 
marsh was significantly different between day and night (Chi-square of equal 
proportions=677.0, prob=.001). Greater numbers offish tended to utilize the 
marsh during the day than at night. This day/ night difference was driven by a 
few species, especially bluegills which were more abundant during the day. In 
terms of total biomass, day samples accounted for the majority of the biomass 
because of the presence of bluegill and largemouth bass. The daily abundance 
of nekton captured exiting the marsh was highly variable (Fig. 2). Multiple day 
sampling allowed for better documentation of the high diversity of nekton in tidal 
freshwater marshes. This improved the sampling of rare organisms, resulting in 
the collection of six additional species. Sequential day/night sampling suggested 
that there was high population of nekton from adjacent habitats into the marsh 
during the day; nekton collected by the block weir were removed from the marsh 
but catches did not show a continuous decrease in subsequent days. Bluegill
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Table 2. Number of nekton collected exiting the marsh during day
sampling
Daylight collections
Sept. 5 Nov. 4 Nov. 5 Nov. 6
Resident Species
Banded killifish 121 21 43 18
Mosquitofish 188 0 1 1
Mummichog 2 0 0 4
Grass shrimp 0 96 189 321
Total 311 117 233 344
Transient Species
Bluegill 153 676 342 194
Bluespotted sunfish 0 2 0 2
Pumpkinseed 22 73 44 *
Channel catfish
Largemouth bass 2 10 2 0
American eel 0 0 0 0
Yellow perch 0 1 0 0
White perch 0 0 1 0
Inland silverside 073 78 132 194
Anchovy 11 12 6 9
Crappie 0 0 0 0
Tessellated darter 6 3 3 1
Golden shiner 0 1 0 0
Menhaden 0 0 3 0
American shad 0 4 0 1
Spottail shiner 9 33 16 16
Total 276 893 549 417
Table 3. Number of nekton collected exiting the marsh during
night sampling
Nighttime Collections
Sept. 4 Nov. 4 Nov. 6 Nov. 7
Resident Species
Banded killifish 3 125 28 200
Mosquitofish 8 0 0 2
Mummichog 0 1 0 0
Grass shrimp 0 1242 345 299
Total 11 1368 363 501
Transient Species
Bluegill 8 5 3 26
Bluespotted sunfish 0 0 0 1
Pumpkinseed 2 4 6 8
Channel catfish 2 0 0 0
Largemouth bass 3 0 0 0
American eel 0 1 0 1
Yellow perch 0 0 0 0
Silver perch 1 3 13 1
Inland silverside 35 157 55 96
Anchovy 5 0 0 2
Black Crappie 0 1 0 0
Tessellated darter 0 5 0 0
Golden shiner 4 0 0 5
Menhaden 0 0 0 1
American shad 1 0 1 1
Total 56 175 78 141
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Figure 2. Total Abundance of Fish Exiting the Marsh
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recruitment was responsible for maintaining the high abundance offish utilizing 
the marsh habitats though bluegill abundance declined from the first collection of 
fish in the fall (Fig 3). Bluegills from the adjacent open water habitats were able 
to repopulate the marsh by the next flood tide.
Crustaceans
Grass shrimp (2492 individuals captured), blue crabs (80 individuals 
captured), and crayfish (1 individual captured) were also collected during ebbing 
tides. Grass shrimp were the most abundant crustacean, particularly in the fall 
(Fig. 4). A higher abundance of grass shrimp exited the marsh at night than 
during the day (Test for significant association, p=.001). Grass shrimp also had a 
significantly greater tendency to exit the marsh during the middle of the ebbing 
tide (p=.001) (Fig. 5). Grass shrimp and crayfish, which are adapted to 
remaining in the marsh at low tide, may take refuge in marsh habitat at the low 
tide rather than entering the weir. Therefore grass shrimp and crayfish 
populations were most likely underestimated by this gear. There was no 
difference in the size distribution of crustaceans exiting the marsh with tidal 
phase. It was clear that grass shrimp were the most abundant crustacean 
utilizing the marsh. Although grass shrimp were not captured in summer 
sampling, they heavily utilized the marsh surface in the fall based on the huge 
flux of shrimp into the marsh habitats.
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Figure 3. Total Abundance of Bluegill Exiting the Marsh
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Figure 4. Total Abundance of Grass Shrimp Exiting the Marsh
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Figure 5. Distribution of Grass Shrimp Exiting the Marsh during 8 Ebbing Tides
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Habitat Availability
The placement of markers at the water’s edge was used to assess the 
extent of inundation and habitat availability for nekton in the marsh. Intertidal 
habitats are lower on the elevation gradient and are flooded more frequently and 
for longer periods of time (Fig. 6). The high marsh was flooded for a very short 
time and drained rapidly, while the marsh creek was flooded during most of the 
tidal cycle. At this site, nekton have less than 4 hrs to feed in the high marsh per 
12hr tidal inundation. The low marsh was inundated for approximately 8 hrs per 
12hr tidal cycle, but because of the very gradual incline.of this habitat, use by 
non-resident fishes was probably limited to approximately 7 hr. Once the marsh 
surface drained, the water level moved gradually down the steep banks which 
run most of the length of the marsh creek. In the far interior of the marsh, the 
bank was less steep. Resident fish may have continued to use the fringe of the 
marsh surface even during the late stages of ebb tide. The marsh creek typically 
did not drain completely; though on Nov. 4 night sample, the water level in the 
marsh creek was extremely low.
Based on these patterns of inundation, the ebbing tide was divided into 
three stages to describe habitat availability during the tidal cycle. The early 
stage occurred when the entire marsh was flooded, the mid-stage occurred 
when the low marsh and creek was flooded, and a late stage occurred when 
only the marsh creek was flooded. The extent of the inundation may change 
from day to day, but this scheme was generally representative of the habitats 
available during the spring tides when the block weir was used to collect nekton.
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Figure 6. Habitat Availability with Respect to the Ebbing Tide
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Species Specific Patterns 
Bluegill: Bluegill were the most abundant fish in the study and the largest 
contributor to total biomass (Table 1). Bluegill were placed into three size 
classes. Bluegill <60 mm SL were considered juveniles, between 60 and 100 
mm SL were considered sub-adults and greater than 100 mm SL were 
considered adults. These size classes were based on ontogenetic shifts in 
bluegill feeding seen in limnological studies (Sadzikowski and Wallace, 1976; 
Osenberg et al., 1992; Mittlebach and Osenberg, 1993). Juveniles were more 
abundant than sub-adults or adult fish in the marsh habitats in both summer and 
fall. Juvenile bluegill had a significant association of greater abundance in the 
fall compared (Cochran-Mantel-Haenszel Statistic 60.0 prob =<.001)
Bluegill of different size classes did not all exit the marsh at the same time. 
Juvenile bluegill exited the marsh at all stages of the ebbing tide, with a peak 
during the mid to late stages (Fig. 7). Juvenile bluegill consistently showed this 
pattern in the summer and fall collections. In general, juveniles remained in the 
marsh in greater numbers for a longer period of the ebbing tide than did sub-adult 
and adult bluegill. Unlike the juvenile bluegill, adult bluegill did not exit during the 
entire ebbing tide and were not consistently collected in summer and fall (Fig. 8 
and 9). Adult and sub-adult bluegill showed a strong tendency to exit the marsh 
during the 1 st half of the ebb tide in the summer (Fisher's Exact prob.<.001). In 
the fall, they exited during all stages of the ebbing tide similar to juvenile bluegill. 
Abundance of adult bluegills was similar in the summer and fall and unlike the 
juveniles, there was no increase in the abundance of adult bluegill
34
Figure 7. Percent of Bluegill Exiting the Marsh during 8 Ebbing Tides
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Figure 8. Size Distribution of Bluegill Exiting the Marsh during Summer 1995
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Figure 9. Size Distribution of Bluegill Exiting the Marsh during Fall 1995
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moving into the marsh in the fail (Fig. 10). Tidal freshwater marshes seem to be 
utilized by all size classes in the summer, but more by juveniles in the fall.
The adults represented the majority of biomass exiting the marsh in the 
summer. This was a large biomass pulse during a short period of time of an ebb 
tide. The number of large bluegill collected in the fall was similar to summer, but 
did not account for the majority of biomass because of the increase in biomass of 
juvenile bluegill (Fig. 11).
Pumpkinseed and Bluespotted Sunfish: Pumpkinseeds (Lepomis gibbosus) 
were the second most abundant centrarchid and showed similar patterns to 
those of the bluegill (Fig. 12). Bluespotted sunfish (Enneacanthus gloriosus) 
were also collected but were very rare and no conclusions could be made about 
their patterns of marsh use. All these species of centrarchids may be responding 
to the same factors which determine when they exit the marsh.
Largemouth Bass
Largemouth bass (Micropterus salmoides) were the most abundant 
piscivore collected in this study. The 21 bass collected accounted for 21% of the 
total biomass offish collected. Nineteen largemouth bass were collected in the 
weir, and two bass were collected via electroshocking. Bass that utilized the 
marsh habitat were of moderate size (82-275mm SL) and next to channel catfish 
(.Ictalurus punctatus) were the second largest species offish captured. Most of 
the largemouth bass entered the marsh during the day (Fisher’s Exact 
prob=.004). The bass collected during electroshocking were not included in this 
analysis since no night electroshocking was attempted. Largemouth bass exiting
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Figure 10. Distribution of Bluegill Exiting the Marsh on the First Day of Sampling
during Summer and Fall Collections
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Figure 11. Distribution of Bluegill Biomass with Respect to Size Classes Exiting 
the Marsh in the Summer and Fall 1995
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Figure 12. Distribution of Pumpkinseed Exiting the Marsh During 8 Ebbing Tides
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the marsh were not evenly distributed over the duration of the ebb tide (Fig. 13). 
Bass were captured during the late stages of the ebb tide. Most of the bass (13 
bass of the 19 collected in the weir) were collected within two hours of low tide 
and this included three of the largest bass, with standard lengths greater than 
225mm.
Banded Killifish
Banded killifish (Fundulus diaphanus) were the most abundant marsh 
resident species collected (559 fish). Banded killifish were abundant during both 
seasons, with high variability between collections. They showed a greater 
tendency to exit the marsh at night than during the day (chi-square test for equal 
proportions =41.9, prob=.001). These fish exited the marsh during all stages of 
the tide, with a trend towards exiting the marsh in greater numbers during the late 
stages of the ebb tide (Fig. 14).
Inland Silversides
Inland silversides (Menidia beryllina)were the second most abundant fish 
(Table 1). Inland silversides used the marsh in greater abundance during the 
day than at night (chi-square test for equal proportions =21.9, prob=.001) 
eventhough daily catches were highly variable. Inland silversides exited the 
marsh during all stages of the ebbing tide. There were two pulses in the 
departure of inland silversides from the marsh with no clear trend in the 
movement of inland silversides from the marsh relative to the tide stage (Fig. 15). 
This is surprising since I have also observed this trend in a tidal freshwater block 
weir study that is underway in the Pamunkey River (unpublished). Flowever,
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Figure 13. Distribution of Largemouth Bass Exiting the Marsh during 8 Ebbing
Tides
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Figure 14. Distribution of Banded Killifish Exiting the Marsh during 8 Ebbing
Tides
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Figure 15. Distribution of Inland Silversides Exiting the Marsh during 8 Ebbing
Tides
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there was no diel or size pattern to the timing of inland silversides exiting the 
marsh that explains this trend.
Gut Analysis 
Bluegill
Bluegill collected with the weir were subsampled by size and stage of the 
ebbing tide when they exited the marsh. A total of 190 bluegill were analyzed. 
Standard length measurements were used to place bluegills into size categories 
based on their feeding behavior as described above. The half-hourly fish 
collections were also grouped based on the stages of the ebbing tide so as to 
relate the tidal cycle to available marsh habitat. The selection of a specific prey 
item was described as the number of that prey item versus the total of all the 
other prey items consumed by each fish. The combined effects of size, season, 
tide, and prey selection were used to determine trends or associations in the gut 
content data collected from bluegill feeding in the marsh. The most frequently 
consumed prey items were chironomids, amphipods, copepods, mites, and eggs 
(Tables 4-5). Selectivity of various prey items was evaluated with 2 chi-square 
contingency tables. Stratified analyses of 2 chi-square tables were used to 
evaluate the association between season and prey selection, while controlling for 
the tidal stage.
Chironomids were the most numerous prey items in the stomachs of 
bluegill collected from the marsh. When controlling for tide, the association 
between season and selection of chironomids was significant, with more 
chironomids being consumed in the summer than in the fall (Cochran-Mantel-
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Haenszel chi-square= 1144.9 prob=.001). This association was significant 
during the entire ebb tide with the greatest selection of chironomids during mid 
tide (Mantel-Haenszel chi-square= 1350.589, prob.=.001 ).
During mid tide, the high marsh was the only marsh habitat that was 
drained and there was still adequate inundation for fish to forage on the low 
marsh surface. There was a significant association between fish size and the 
selection of chironomids (Cochran-Mantel-Haenszel chi-square= 209.0, 
prob.=.001). Adult bluegill had a greater association in the selection of 
chironomids. Juvenile bluegill also selected for chironomids but only accounted 
for a small fraction of the association. Overall, chironomids experienced the 
highest predation pressure in the summer during mid tide by adult and sub-adult 
bluegill.
Corophid amphipods were another important prey item consumed by 
bluegill. When controlling for tide, there was a significant association for 
corophids to be consumed in the fall (Cochran-Mantel-Haenszel Statistic 394.5, 
prob=.001). This association between season and the selection of corophids by 
bluegill was significant during the entire ebb tide, with the majority of this 
selection occurring during mid-tide (Mantel-Haenszel chi-square= 236.5, 
prob=.001 ).
When controlling for season and tide, there was a significant association 
with fish size in the selection of corophids by adult and sub-adult bluegill 
(Cochran-Mantel-Haenszel Statistic =200.9, prob=.001). This association was 
driven by selection of this prey item in the fall. In the summer, there was not a
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significant association between the tidal cycle and the selection of corophids. 
Corophids were highly selected in the fall by adult fish during the entire ebb tide. 
Adult bluegill had the highest selectivity of corophids at high tide; this selectivity 
decreased slightly with the ebbing tide.
Eggs occurred commonly in the stomachs of bluegill. These small eggs 
consisted of at least three unidentified types of annelids and corophids. The 
majority of these eggs were less than 250 pm. Patterns in the consumption of 
eggs were very difficult to evaluate, however this was mainly because the 
associations changed directions with respect the to tide and size of bluegill. This 
resulted in no significant associations as the factors canceled out each other.
The analysis was simplified by pooling the tidal data. This resulted in a 
significant association for the selection of eggs in the summer (Mantel-Haenszel 
chi-square= 9.2, prob=.002) which does not take tide into consideration. Adult 
and sub-adult bluegill selected for eggs at high tide in the summer and at mid to 
low tide in the fall, while juvenile bluegill followed an opposite pattern. Changes 
in these associations made it difficult to evaluate the selection of eggs by bluegill.
Mites were also an important prey item consumed by bluegill. When 
controlling for tide, mites were selected for in the fall (Cochran-Mantel-Haenszel 
Statistic =861.2, prob.<.001). This association between season and the selection 
of mites was significant during the entire ebb tide with the greatest association 
during high and mid tide.
When controlling for season and tide, there was a significant association 
between the tidal cycle and the selection of mites by small bluegill during the
50
entire ebb tide in the summer and the fall (Cochran-Mantel-Haenszel Statistic^ 
315.3, prob=.001). The highest predation pressure on mites was by juvenile 
bluegill during mid tide in the fall (Mantel-Haenszel chi-square=178.3, 
prob=. 001).
Copepods, which include calanoid, harpacticoid, and cyclopoid, were also 
consumed by bluegill. When controlling for tide, the association between season 
and selection of copepods is not significant (Cochran-Mantel-Statistic= 0.9, 
prob=.353). This analysis was sensitive to switching in the direction of the 
association when adjusting for the third factor. During high tide and low tide, 
there was a significant selection for copepods in the summer, but during mid-tide, 
the association was in the fall. It was not possible to determine if the selection of 
copepods was associated with the marsh based on season, tide, and size of 
bluegill preying on copepods in the marsh habitats.
When controlling for season and tide, there was a significant association 
between fish size and the selection of copepods (Fisher‘s Exact (2-tail) prob.= 
<.001). In the summer, there was a significant association between the tidal 
cycle and the selection of copepods for both adult and juvenile bluegill at different 
stages of the ebb tide. The majority of this association was due to adult bluegill 
selecting copepods at high tide. In the fall, the only significant association with 
the selection of copepod was by adult bluegill at mid tide. The selection of food 
by bluegill was strongly affected by season, tide, and size of the fish.
The weight of the total diet of individual bluegill was used to determine the 
volume of food removed from the marsh habitats. The biomass of the stomach
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content provided a more general description of how much secondary production 
was transported out of marsh habitats as bluegill exited with the ebb tide. The 
average daily ration consumed by bluegill was based on the percentage of the 
wet weight of an individual bluegills stomach content to its total wet weight. 
Bluegill were grouped based on sampling period, stage of ebb tide, and size 
(Fig.16). Bluegill tended to consume more food in September than in November. 
Bluegill with the highest average daily rations, exited the marsh during mid ebb 
tide. The size class of bluegill exiting the marsh with the highest average daily 
rations was the adult bluegill.
Piscivores 
Largemouth Bass
The stomach contents of 19 largemouth bass were analyzed. A high 
percentage of bass stomachs (16 of the 19 bass collected in the weir) contained 
food consisting of only a few species offish and invertebrates. Fishes, shrimp, or 
crayfish were consumed by most of the bass (15 of the 19 bass collected in the 
weir) and represented the majority of the biomass consumed by bass. No 
bluegills or minnows were consumed by the 19 largemouth bass collected in the 
weir or by the two bass collected during electroshocking. The most common 
nektonic prey were banded killifish (Fundulus diaphanus), mummichog (Fundulus 
heteroclitus), and mosquitofish (Gambusia affinis). Other species consumed 
were inland silverside (Menidia beryllinia), grass shrimp (Palaemonetes spp.) and 
crayfish (Cambarus robustus).
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Figure 16. Average Daily Ration of Bluegill Exiting the Marsh in Summer and
Fall 1995
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The low counts from the short sampling period in the summer did not allow 
for a seasonal comparison of largemouth bass feeding based on fish size and 
tidal period. Since small prey items may have been inadvertently consumed 
while capturing much larger prey, prey less than 5 mm were not considered in 
the statistical analysis. The selection offish prey by bass during the day was 
significant (prob.=.043). Largemouth bass did not show a significant association 
between selection of fish prey and predator size. There was also no association 
for the selection of fish and the time at which the bass exited the marsh. A larger 
sample size of bass may be needed to address more specific questions on the 
feeding habits of largemouth bass in tidal freshwater marshes.
Bluegill
Bluegill generally did not consume fish in this study. One adult bluegill 
which was greater than 130 mm SL consumed 7 mosquitofish. No other sunfish 
were found with fish prey in their guts. Other large bluegills consumed 
chironomids, eggs, and leeches. Though juvenile and subadult bluegill feed on 
small invertebrates, large adult bluegill may be piscivores or feed on larger prey 
items in the marsh.
Enclosure Experiment 
Gut Analysis
Juvenile bluegill and pumpkinseeds were used for the enclosure 
experiment on the marsh surface. The three habitats selected were the high 
marsh, the low marsh, and the marsh edge. The high marsh was a narrow band 
of habitat that was adjacent to the terrestrial upland habitats. It was the farthest
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marsh habitat from the creek and experienced the least inundation of the marsh 
habitats. The high marsh vegetation was the densest and tallest of the three 
habitats on the marsh surface. The low marsh habitat was adjacent to the high 
marsh and extended to the creek bank. It was composed mainly of arrow arum 
(Petandra virginica). The low marsh covered the majority of the marsh surface. 
The marsh fringe was the habitat that consisted of the edge of the marsh surface 
less than a meter from the marsh creek. It had the same characteristics as the 
low marsh, but it could have been slightly higher in elevation than the low marsh 
and it bordered the marsh creek. This included all the available habitats on the 
marsh surface, but did not include the subtidal habitats of the marsh creek.
Unlike the fish collected in the weir, these fish were not given the opportunity to 
feed in more than one marsh habitat, nor were they allowed to forage over a 
unlimited area within the specific marsh habitat. The time in which they had to 
feed in the specific marsh habitats (one half-hour) was considerably less than a 
tidal cycle. The goal of this experiment was to determine what prey items are 
removed from different locations on the marsh surface, and if all marsh habitats 
experienced the same level of predation by juvenile sunfish.
In the high marsh, fish could feed undisturbed for -25 minutes, not the 30 
minutes proposed initially. This was because the enclosures were nearly 
completely drained by the tide toward the end of the trial. In low marsh and 
marsh edge habitats, fish were allowed to feed undisturbed for 30 minutes. The 
thick vegetation and turbid water made it difficult to capture the fish from the 
enclosures, but feeding most likely did not continue during attempts to collect the
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fish.
Gut contents of juvenile bluegill and pumpkinseed from the enclosures 
(Table 6) were similar to gut contents offish collected in the weir (Tables 4-5). 
The enclosure experiment on the marsh surface used fish densities that were 
well above what had been reported in the literature for natural conditions. The 
higher density was used to ensure sufficient replication given the limited number 
of enclosures. A half-hour trial was used to ensure that soft-bodied prey were 
not digested. The fish under natural conditions would most likely not have spent 
as much time feeding at one location as the
fish contained in the enclosures. This analysis assumed that the fish had equal 
opportunity to feed in the three marsh habitats and that the fish were equally 
successful at feeding on epibenthic prey in the three habitats. The experiment 
focused on identifying which prey items were removed from each marsh surface 
habitat (Table 6), determining if prey were consumed in the same proportions in 
the three habitats, and comparing prey consumed to what was available on the 
marsh surface (Table 7).
Sediment Cores
A previous investigation of infaunal secondary production in tidal 
freshwater (Diaz et al. unpubl.) showed that infauna were not distributed 
uniformly within the marsh. The three habitats selected in this study were high 
marsh, low marsh, and mud flat in the marsh creek. Cores were collected bi­
monthly from April to November. During the time of the enclosure study, infaunal 
density was somewhat low, and marsh habitats provided more food to nekton
Table 6. Density of prey removed by juvenile bluegill 
feeding in the enclosures on the marsh surface 
(number/m /30minutes)
High Marsh Low Marsh Marsh Fringe
Chironomid 9 106 34
Corophid 3 0 3
Unknown 6 19 45
Copepod 6 31 40
Miscellaneous eggs 56 41 84
Water mite 47 38 78
Diptera 28 0 0
Snail 3 3 0
Grass shrimp 0 3 0
Spider 3 0 0
Total 162 241 246
Table 7. Density of prey in the enclosures on the marsh
surface (number/m )
High Marsh Low Marsh Marsh Fringe
Chironomid 136 409 409
Corophid 0 91 0
Unknown 45 0 0
Copepod 227 136 728
Water mite 0 0 45
Oligochaete 1182 3045 1955
Polyachaete 455 91 0
Bivalve 364 0 0
Isopod 45 0 0
Ostracod 136 0 0
Nematode 136 45 0
Total 2726 3817 3182
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during other times of the year.
Cores were taken from the enclosures with the same methods used in 
(Diaz et al. unpubl.). The cores taken from the enclosures only differed in the 
selection of the marsh fringe instead of the mud flat. The enclosures were 
placed on the edge of the marsh surface (marsh fringe) and not in the marsh 
creek (mud flat) due to the soft sediment. Therefore, the reference to the 
seasonal data collected in the secondary production study applied to the high 
marsh and low marsh. Marsh fringe in the enclosure study was more like the low 
marsh habitat than the mudflat since the marsh fringe habitat was considered low 
marsh in the secondary production study. The cores from the enclosure study 
suggested a very distinct gradient in infaunal distribution that may have affected 
the foraging offish over very short distances on the marsh surface.
The density of infauna was higher in the low marsh than in the marsh 
fringe and high marsh habitats (Table 7). The most numerous potential prey in 
all three habitats were oligochaetes, which were responsible for most of the 
trends in infaunal density between the three habitats of the marsh surface. The 
cores in the enclosures showed significantly more oligochaetes in the low marsh 
than in the other marsh habitats (Mantel-Haenszel chi-square = 8.4, p=<.001). 
Oligochaetes represented a potentially large amount of energy for nekton 
foraging in the marsh habitats though they were not found in the stomachs of 
sunfish. The short duration of the feeding study and the immediate preservation 
in 10% formalin, did not allow enough time for the digestion of soft-bodied prey.
A nekton study conducted in a salt marsh in which nekton collected were
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immediately preserved in liquid nitrogen in the field, rarely found oligochaetes in 
the guts of nekton even though oligochaetes were the dominant invertebrate in 
the sediment (Cicchetti, 1998). It was possible that they were consumed by 
some of the other fish that feed in the marsh that were not the focus of the gut 
analysis in this study.
Chironomids, eggs, and mites were the next most common infauna found 
in the enclosure cores (Table 7). The number of prey items in the stomachs of 
bluegill in enclosures decreased from the marsh fringe to the high marsh. The 
high marsh was under the most predation pressure per time available to feed 
though it did not contain the highest density of prey items. This was somewhat 
surprising since this treatment had a slightly shorter feeding period.
Mites and eggs were the most abundant prey items in the stomachs of 
juvenile sunfish in the enclosures (Table 6). There was a significant association 
between the selection of mites and eggs and the particular marsh habitat in 
which the sunfish was confined to feed (Mantel-Haenszel chi-square=15.5, 
p=.001 and Mantel-Haenszel chi-square= 15.3, p=.001). Sunfish were more 
likely to consume mites and eggs along the marsh fringe than in the habitats 
farther away from the marsh creek.
Chironomids were the third most abundant prey item found in the guts of 
juvenile sunfish feeding in the enclosures. There was a significant association 
with the selection of chironomids and marsh habitats (Fisher’s Exact p=<.001). 
Juvenile sunfish were more likely to consume chironomids in the low marsh 
habitat than in any other habitat on the marsh surface.
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Copepods were another prey item that showed similar associations with 
fish selection as did mites and eggs, but were not as abundant in the stomachs 
of juvenile sunfish feeding in the enclosures. There was a significant association 
with the selection of copepods and the marsh habitats in which the fish were 
feeding (Fisher’s Exact (2-tail) p=<.001). Copepods were more likely to be 
consumed along the marsh fringe than in other marsh surface habitats. Based 
on the infauna collected in the cores, copepods were the only group that showed 
a significant association with marsh habitat (Fisher’s Exact prob.<.001), being 
more abundant at the marsh fringe (Table 7). Copepods were the only prey item 
which showed an association of being preferentially consumed by fish in the 
same marsh habitat in which they were also most abundant in the cores.
Juvenile sunfish feed on a variety of small invertebrates which can be 
found in all sampled marsh habitats. The number of prey items found in the guts 
of bluegill did not follow the same trend as was seen in the sediment cores. The 
four most numerous prey items in the stomachs of the bluegill were not the most 
common prey items in the cores. Oligochaetes were the most abundant 
invertebrates in the cores. Oligochaetes were abundant in all the habitats on the 
marsh surface, but there was a significant association with more oligochaetes in 
the low marsh than in the other marsh habitats (Mantel-Haenszel chi-square 
=8.4, p=.004). Oligochaetes were abundant in cores but not seen in the 
stomachs of the bluegill in any of the enclosures on the marsh surface. 
Electroshocking: Fish were shocked on the marsh surface and in the subtidal 
creek. No fish were collected in the high marsh by electroshocking, though small
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resident marsh species such as mosquitofish, banded killifish and juvenile 
sunfish were observed in the shallow water of the high marsh. It proved very 
difficult to collect these very small individuals as they quickly recovered from the 
shock and the thick vegetation prevented their effective capture. The information 
collected from electroshocking was more qualitative and descriptive in nature 
because of the difficulty in collecting the fish and the inability to collect fish with 
equal efficiency in all marsh habitats.
The vegetation in the low marsh and marsh creek was not as dense and 
did not include the tall wild rice and thick stands of cutgrass which made 
sampling so difficult in the high marsh. Electroshocking was much more effective 
in the low marsh. The less thickly vegetated water of the low marsh contained 
large adult bluegill which were not observed in the high marsh. The stomach 
contents of bluegill captured by electroshocking were similar to those collected in 
the enclosure and weir collections.
Electroshocking in the marsh creek produced more fish than did shocking 
on the marsh surface. A greater variety offish was captured, which included 
largemouth bass, and other species. A bass was captured at the mouth of the 
marsh creek with an empty stomach; a second bass was collected in the interior 
of the marsh. This fish contained a banded killifish in its gut.
Electroshocking was not equally effective in collecting large and small 
fishes. It was more effective in collecting larger fishes than smaller fishes, 
because small fishes recover from the shock much quicker, and it was harder to 
net fish in dense vegetation during the short period of time they are immobile.
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The electroshocking was, however, effective in providing qualitative evidence of 
the presence of particular size classes and species of fishes in the various 
habitats of the marsh. This data could not be obtained from the weir collections. 
Also, gut contents obtained from fish collected by electroshocking in specific 
marsh habitats showed a general agreement with gut content from fishes feeding 
for comparison to those feeding in the enclosures. This study has shown that 
both nonresident and resident nekton species used the marsh as a forage and 
refuge habitat in great numbers.
Discussion
Our understanding of the factors controlling the use of tidal freshwater 
marshes by nekton is incomplete (Mclvor etal., 1989). Mclvor ef a/., (1989) 
proposed that studies addressing trophic aspects of nekton use, dietary 
importance of the marsh to nekton, and the importance of nekton as vectors in 
the export of carbon and nutrients to receiving waters are needed to further our 
understanding of the ecology of tidal freshwater marshes. This study 
incorporates methods that make the collection of trophic data possible while 
addressing the movement of nekton out of the marsh habitats as the available 
marsh habitat decreases with the ebbing tide. Food and refuge are both very 
important factors in determining nekton use, but it is difficult to separate one from 
the other when attempting to determine the relative importance of these factors 
to nekton communities. Savitz et al, (1983), believe that the major influence on 
habitat utilization and fish movement is available forage.
The presence of prey is a key factor in the utilization of marsh habitats by
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nekton (Rozas and LaSalle, 1990; Cicchetti, 1998). Little information is known 
about seasonal patterns of abundance in the benthic invertebrate community of 
tidal freshwater marshes (Yozzo and Smith, 1995). The infaunal study 
associated with this thesis was one of the few projects which focused on the 
microhabitats of the marsh surface with biweekly sampling of the high marsh, low 
marsh and adjacent mud flat. Yozzo and Smith (1995) was one of the few 
seasonal studies which focused on the meiofaunal community in tidal freshwater 
marshes. These studies conclude that the macrofaunal (Diaz et al. unpubl.) and 
meiofaunal (Yozzo and Smith, 1995) community can provide important forage for 
larval and juvenile life stages of estuarine dependent fishes. In the past, there 
has been some controversy over the role of meiofauna in trophic energy transfer 
within benthic ecosystems (Sogard, 1984). The present study indicates that both 
meiofauna and macrofauna are important in the diets of bluegill. Differences in 
the selection of habitat were most likely based on prey abundance, and led to 
differences in movements of nekton species out of the marsh habitats as specific 
habitats were no longer available.
Fish community
Resident and non-resident fish did not show similar patterns of movement. 
This was partly due to differences in predation pressure and to different selection 
of low tide habitats. Non-resident juveniles migrate from the deeper river habitat 
to the marsh surface, while marsh resident species moved from the marsh 
creeks and very shallow habitats along the river to the marsh surface. The flood 
tide allows fishes to feed on the invertebrate community, but even during peak
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inundation, predation pressure is still present for small fish that feed in the marsh 
creek, or traveled along the marsh creek to reach areas located in the interior of 
the marsh. Since large predators were collected at low tide with the weir, large 
predators most likely can return to the marsh creeks within 2 hrs of the incoming 
tide inundating the marsh creek. Inundation of the marsh surface provides small 
fish with additional feeding habitats but allows for the migration of large predators 
into marsh areas. Though the marsh surface provides shelter during inundation, 
large predators may feed most actively as small nekton exit the marsh surface.
The search for food or refuge in marsh habitats leads to different patterns 
in the movements of nekton as they respond to the tidal cycle. Freshwater fish 
(bluegill, bass, pumpkinseed, and American shad) that are generally more 
associated with open water habitats have adapted to tidal freshwater systems by 
responding to the tidal cycle, and displayed movement patterns similar to 
estuarine species. In this study, the continually changing water level in tidal 
freshwater environments caused movement patterns not seen in these species 
from nontidal systems. In nontidal environments, different species or sizes offish 
select a specific habitat based on water depth or position in the water column, 
reducing competition (Werner et a/., 1977). The depth or availability of a specific 
habitat was not constant and did not provide nekton with permanent habitats. 
Nekton in tidal freshwater must continually reevaluate the availability of their 
habitats with respect to the tidal cycle. The tidal cycle causes an oscillation in 
the boundaries of habitats most important to small and juvenile fish which are 
unable to maintain a specific depth or position in the water column by remaining
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in one location. Tidal freshwater environments may have more overlap in 
utilization of habitats than do non-tidal environments due to changing water 
levels which lead to increased competition for food and refuge.
It was difficult to determine what triggered fish to exit the marsh, but it was 
clear that not all fish responded to the tide to the same degree. Marsh resident 
fish and crustaceans moved easily in and out of the marsh habitats during the 
entire tidal cycle and their movements were not affected by the tidal cycle as 
much as non-resident species. The majority of resident species remain in the 
marsh creeks at low tide unless there is substantial drainage of the creek as what 
is experienced during Neap tides and to a lesser extent on Spring tides. In terms 
of feeding, the small size of resident species allowed them to continue to feed in 
the marsh habitats as nonresident species began to exit the marsh habitats.
Though nekton utilizing the marsh habitats can vary considerably in size, 
their diets overlap. The feeding patterns of inland silversides (Spraker and 
Austin, 1997, Cicchetti, 1998), banded killifish (Johnson and Dropkin, 1993,
Yozzo and Odum, 1993), and grass shrimp (Welsh, 1975, Adams, 1970, Morgan, 
1980, Cicchetti, 1998, Bell and Coull, 1978) have been well documented in 
previous studies in intertidal marshes, and have been shown to be important in 
the transfer of marsh secondary production. In this project, banded killifish and 
grass shrimp were able to avoid capture by remaining in marsh interior, 
preventing a portion of the secondary production consumed by nekton from 
exiting the marsh. Due to the difficulty in collecting quantitative data on these 
species, banded killifish and grass shrimp were not the focus of the gut analysis
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though they are most likely very important in the energy transfer of marsh 
production.
As previously mentioned, prey availability was not the only factor that was 
important in determining nekton utilization. Nekton that enter the marsh to feed 
must avoid predators when migrating in and out of the marsh during early and 
late stages of the tide. When access to the marsh surface is limited, nekton are 
susceptible to predation by larger aquatic predators (Mclvor and Odum, 1988) 
and avian predators (Caiman, 1984; Peterson et al., 1989; Allen, 1995). This 
study indicated that predation by large fish was primarily restricted to largemouth 
bass feeding on resident species (banded killifish, mummichog, mosquitofish, 
and grass shrimp). The concentration offish in the marsh did not lead to high 
predation on non-resident species (bluegill, pumpkinseed, inland silversides, and 
golden shiners).
Stomach contents of bluegill were examined to determine if they were 
using the marsh as a feeding habitat. The size and number of bluegill in the 
marsh habitats made them a potential exporter of marsh secondary production. 
Since bluegill are not residents of the marsh habitats, they provide a link between 
marsh habitats and subtidal habitats. A broad size range of bluegill fed on similar 
prey due to gape-width limitation in this species. Smaller species remained in 
the marsh longer than larger species which most likely contributed to differences 
in the movements and feeding behavior of juveniles and adults at low tide. This 
is one of the few advantages of being a small fish, and reduces competition with 
larger fish, though a few adult fish remained in the marsh at low tide. Juvenile
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bluegill in nontidal environments eventually migrate permanently to deeper 
subtidal habitats as they become adults (Werner and Hall, 1976). The transition 
from juvenile to adult in nontidal environments also gave bluegill the ability to 
feed in habitats which were not previously available due to the higher predation 
pressure placed on smaller fish. Juvenile bluegill continue to utilize shallow 
water habitats in tidal freshwater even as adults. Since bluegill utilizing the 
marsh had a large size range, fish of different size classes showed different 
patterns in their movements out of the marsh habitats.
Summer vs. Fall
Vegetation on the marsh surface and SAV beds in the marsh creek 
provided very complex structure, which has been shown to reduce predation risk 
to fish (Rozas and Odum, 1988). The dense vegetation was present from early 
spring to late fall on the marsh surface and SAV density peaks typically in mid- 
July (Rozas and Odum, 1988). The presence of SAV influenced both fish 
distribution and abundance (Crowder and Cooper, 1982). Previous studies have 
shown that SAV beds contain some of the highest densities of fishes and 
crustaceans in aquatic environments (Rozas and Odum, 1987a). SAV provide 
nekton with food and with refuge from predation. Seasonal changes in the 
density and species composition of aquatic plants also caused a transition in the 
spatial and temporal distributions offish (Kilgore et al., 1989). The loss of an 
important nursery habitat such as SAV may lead to a migration of nekton to 
adjacent habitats such as marsh habitats.
Tidal freshwater marshes may be able to support the nekton displaced by
the seasonal loss of SAV. This study suggests the need for a more detailed look 
at the seasonal importance of nektonic use of marsh habitats in tidal freshwater. 
The secondary production study (Diaz et al, unpubl) shows an abundance of 
infaunal prey during the spring before subtidal SAV beds developed. The SAV 
may be more desirable to juvenile fishes when given the opportunity to choose 
between SAV and the marsh surface. The loss of dense SAV before the loss of 
emergent marsh vegetation in the fall and the return of emergent vegetation on 
the marsh surface early in the spring, suggests nekton may be forced to select 
nursery habitats other than SAV beds during a large portion of the year.
Turbidity and its effects on the timing of proliferation of SAV or vice versa were 
not addressed in this study. Turbidity data was not collected, but there was a 
noticeable difference in water clarity by visual observation during the first 
development of emergent plants in the spring and when nekton were collected in 
the marsh after extensive SAV beds had developed. More seasonal studies are 
needed in tidal freshwater marshes to address the links between SAV and the 
marsh habitats to juvenile nekton, especially early in the spring and late in the fall 
when SAV may not be available.
In the fall, once the dense SAV beds died off, nekton (bluegill, inland 
silversides, grass shrimp) made a transition from the adjacent subtidal habitats to 
the marsh habitats during flood tide. This emigration of grass shrimp into the 
marsh from SAV beds was documented in Chickahominy River marshes (Yozzo 
and Smith, 1998). Grass shrimp utilized the marsh more in the fall than in the 
summer as indicated by the increase in the abundance of shrimp exiting the
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marsh in the fall (Fig. 5). Previous studies have shown low densities of grass 
shrimp in marsh habitats in the summer and an increase in the fall after decrease 
in SAV habitat (Yozzo and Smith, 1998). The vegetation in the marsh and the 
SAV in the marsh creeks remained available much later in the season than the 
more extensive SAV beds along the river (personal observation). The high 
abundance offish and crustaceans in the fall indicated that the marsh was a 
much more valuable habitat in the fall than in the summer and was able to 
support the increase of nekton in the fall.
Diel Patterns
Predation pressure during the daylight hours limits movements of juvenile 
fishes feeding in shallow water habitats in limnic environments (Werner et al., 
1983). In many limnological studies, predation risk was shown to be high during 
the day which caused prey fishes to limit their movements to dusk and dawn so 
as to avoid detection by predators. It had been shown that bluegill and small 
bass migrate to shallower habitats at dusk to minimize predation risk (Werner et 
al., 1983). Savitz etal. (1983) reported very little movement of fishes at night in a 
lake community. Due to the complexity of the interactions between prey, 
predators, and habitat availability in freshwater studies, a particular species of 
fish may exhibit different behaviors in nontidal freshwater studies in similar 
environments (Werner et al., 1983).
Most species did not show any diel tendencies and were equally 
distributed during day and night inundation of the marsh. Centrarchids showed a 
diurnal cycle due to daytime tidal inundation in this study. This is most likely due
70
to centrarchids being visual feeders, increased feeding opportunities at high tide, 
and reduced predation pressure. In terms of numbers and biomass, they 
represented most of the energy flow from the marsh habitats. Nekton balance 
food availability with predation risk in order to take advantage of the marsh 
secondary production without being consumed by predators.
The majority of the largemouth bass in this study were collected during the 
day. Diel and tidal cycles both contributed to the movement of largemouth bass 
in the marsh. Diurnal movements of bass were documented in the spring and fall 
in a lake study in Mississippi where major water level changes occurred due to 
lake drawdowns and flooding (Warden and Lorio, 1975). In tidal freshwater, such 
migrations may occur daily, and presumably through out most of the year. 
Largemouth bass have been shown to limit their movement at night (Savitz et al., 
1983) but movement at night under extreme physical conditions such as high 
temperature has been observed (Warden and Lorio, 1975). Since most bass that 
entered the marsh during both day and night were successful capturing resident 
marsh species, largemouth bass are not limited to daytime feeding. The 
presence of a full moon during spring tides may have been a factor contributing 
to the success of largemouth bass feeding in the marsh at night, coupled with 
presence of available prey in the marsh. Sampling during day and night non­
spring tide conditions would be needed to better address this question.
Multi- Day Sampling
The weir was disassembled following each sampling event, and fishes 
were allowed to repopulate the marsh on the subsequent flooding tide. Fish
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were removed without replacement and abundance was compared on 
successive samples to determine the fidelity of various fishes to the sampled 
marsh. Fishes continued to migrate into the marsh after each weir collection and 
fishes from adjacent subtidal habitats repopulated marsh habitats during each 
inundation. There seems to be little fidelity between fishes and a specific marsh. 
This was probably due to the fact that non-resident fish accounted for the 
majority of the fishes that moved in and out of the marsh with the tide. Since the 
fishes collected in the weir were not returned to the marsh, the fishes collected 
on the next inundation must have utilized some other marsh habitat or remained 
in the river during the previous inundation of the marsh.
Marsh utilization by non-resident fishes may have been dependent on the 
abundance of fishes in the adjacent river prior to marsh inundation. The juvenile 
bluegill that entered the marsh during inundation may not have entered the same 
marsh on consecutive tides. An individual juvenile bluegill may visit multiple 
nursery sites before it returns to a previously occupied marsh. Such questions 
can be addressed through tagging studies that could sample multiple marsh 
creeks and determine if tagged fish return to place of capture or utilize other 
adjacent habitat.
The removal of resident nekton from the marsh on consecutive ebbing 
tides also did not show a reduction in the abundance of these species. Since 
residents do not have to exit the marsh creek during low tide, and may even 
remain on the marsh surface, it was impossible to determine what effect the 
sampling had on the marsh resident community. The collection of resident
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species was so variable that it was hard to properly assess populations of the 
marsh residents. This was most likely due to the ability of resident species to 
remain on the marsh at low tide or resident species populations are inherently 
variable. The resident species were most likely underestimated in the weir 
collections and represented a much larger population than what was collected in 
the weir. Tidal freshwater marshes are important feeding habitats for nekton 
which may be dependent on multiple marshes. Recreationally valuable species 
such as bluegill and largemouth bass most likely utilize a series of marshes as 
nursery habitats. The marsh provides habitat for a nekton community that 
includes resident and non-resident species. The loss of marsh habitats would 
not just affect the nekton that occupy a marsh at one moment, but also the 
thousands of nekton that migrate into marsh habitats on a daily and seasonal 
basis.
Habitat availability
Nekton migrate into the marsh during inundation and this inundation 
changes on a lunar cycle. When sampling the marsh with a block weir placed in 
the creek, the best time to sample is during spring tides during new moon at this 
particular site. Spring tides during new moon experienced the greatest amount 
of flood and drainage of the marsh creeks. Nekton studies which collect data 
based on local weather conditions as well as sample during full and new moon 
would be valuable in further addressing factors affecting nekton use of marsh 
habitats.
Many species of fishes migrate into marsh habitats during flood tides. The
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tide affects the movement of every species of nekton utilizing marsh habitats, 
including those that reside in subtidal habitats during periods of low water. In a 
study using pit traps to collect nekton in tidal freshwater marshes of the 
Chickahominy River, Yozzo and Smith (1998) concluded that flooding depth and 
duration showed no positive relationship with enhanced nekton use of the marsh 
surface yet there was a positive relationship in salt marshes. The results at the 
tidal freshwater site were probably due to the high percentage of juvenile and 
resident species that were able to survive in shallow water and to remain on the 
marsh surface even at low water. In this study, the abundance of resident 
species trapped in the weir represented only the portion of the community that 
exited the marsh, and not necessarily the abundance of these species utilizing 
the marsh habitats.
Transient species (non-piscivores) typically left the marsh surface in 
greater numbers at mid tide as the remaining water on the marsh surface was 
drained by the falling tide. Few fishes left during the early stages of the falling 
tide. The loss of one marsh habitat such as the high marsh may have shifted the 
feeding to the remaining flooded marsh habitats until the fish could no longer 
feed in the drained marsh creeks at low tide. Some juvenile sunfish did exit the 
marsh at every stage of the tide, indicating that the marsh could provide habitat 
for sunfish during the entire tidal cycle. Transient fishes were generally larger 
than resident species, and were pressured to leave the marsh surface because 
of low water. Despite this, many transients remained in marsh habitats much 
longer than expected. The marsh is utilized as a feeding and predation refuge
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for transient species to a greater extent than previous studies have indicated.
Piscivores (largemouth bass, adult bluegill, white perch, black crappie, 
and yellow perch) were not observed or collected on the marsh surface with 
electroshock gear, though they were present in the marsh creek. It is possible 
that piscivores do not come onto the marsh surface to feed, or only make short 
excursions onto the marsh surface to feed during high tide. Most large predators 
exited the marsh during the later stages of the ebbing tide and it was impossible 
to determine if blocking the creek with the weir contributed to the late departure. 
Turbid water conditions hindered observation offish as they approached the weir 
and turbid water would have had a similar effect on the fishes detection of the 
weir as the ebbing tide assisted in directing fish into the weir.
The only evidence that may indicate that the weir did not affect the exiting 
time of bass was the capture of a largemouth bass during the collection of 
bluegill for the feeding enclosures. The block weir was not deployed until 
approximately 2 hrs before low tide, giving large predators ample time to exit the 
marsh. At this time, a largemouth bass was collected along with the bluegill as 
fish were driven from the marsh interior to the block weir. The bass was not 
prevented from exiting the marsh until the weir was deployed minutes before its 
capture. Secondly, during electroshocking, a bass was collected in the latter part 
of the ebbing tide in the interior of the marsh. Based on the latter stage of the 
ebbing tide and the location of the bass, the fish may not have intended to exit 
the marsh immediately, suggesting that bass may remain in the marsh for 
reasons other than gear avoidance.
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These predators may have remained in the marsh creek as late as 
possible so as to ambush resident species as they exited the marsh surface.
The low abundance of resident fish exiting the marsh while the marsh surface 
was flooded, and the exiting of bass during the time when such resident fish 
exited the marsh, supports this theory. Resident nekton represented most of the 
biomass offish and shrimp found in the stomachs of piscivores collected in the 
marsh. Since many resident species did not exit the marsh surface until late in 
the tidal cycle, it may have been advantageous for large piscivores to remain in 
the marsh creek as long as possible. The period of the ebbing tide when the 
majority of largemouth bass exited the marsh coincided with the peak abundance 
of resident nekton exiting the marsh through the creek. Largemouth bass 
successfully ambushed resident species in the marsh creek. Though largemouth 
bass were limited to the marsh creek during most of the ebbing tide, they were 
evidently not forced out of the creeks due to low water. Nor were largemouth 
bass prevented from feeding on resident nekton during low water, since 
largemouth bass exited at low tide containing resident nekton in their stomachs.
Seasonal presence or absence of SAV in tidal freshwater marshes may 
influence patterns of marsh utilization by species which are characterized by 
strong temporal patterns in abundance (Yozzo and Smith, 1998). Resident and 
non-resident marsh nekton utilize SAV in tidal freshwater (Rozas and Odum, 
1987b, 1988). Non-resident species such as bluegill also seek the food and 
protection of the marshes at high tide. This is even more evident in the fall when 
the SAV habitat along the shore is no longer available (Rozas and Odum, 1987b;
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Yozzo and Smith, 1998). The reduction of nursery habitat in the fall places more 
emphasis on the marsh and results in increased utilization of the marsh surface 
by juvenile sunfish and grass shrimp. It is clear that nekton utilization of marsh 
habitats is affected by the tidal cycle, by the composition and abundance of the 
nekton community in the open river, and by the available habitat within and 
adjacent to the marsh. As with any other nursery habitat, along with providing 
available refuge, nekton must have sufficient food for growth. Food may be 
another factor that caused nekton to aggregate in the marsh habitats.
Food availability
The tidal freshwater benthic community in marsh surface habitats is 
characterized by higher densities of macrofauna than subtidal creek habitats 
within marshes and unvegetated subtidal areas adjacent to marsh habitats (Diaz 
et al, 1977). The higher abundance of invertebrates may contribute to the 
migration of nekton into marsh habitats during tidal inundation. The varied 
densities of vegetation in marsh habitats creates many microhabitats in which 
nekton can take refuge or use as feeding habitats. The structural complexity of 
the habitat also affects the amount of macrofauna vulnerable to nekton predation. 
Due to small-scale variability, it is very difficult to test whether nekton feed in 
marsh habitats with the highest density of prey items. Nonetheless, this study 
showed that nekton fed on invertebrates in marsh habitats, and transferred this 
energy to the open river.
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Energy transfer
Opportunistic Species
A high diversity of nekton utilized tidal freshwater marshes sporadically 
and were not captured on every day of sampling. These opportunistic species 
included bay anchovy, white perch, tesselated darter, golden shiner, spottail 
shiner, gizzard shad, black crappie, yellow perch, American eel, and menhaden. 
The high variability in the abundance of these species made it difficult to 
determine the potential energy transfer of marsh secondary production to 
adjacent open water habitats. The combined biomass of these species 
represents approximately 10% of the total fish biomass which does not remain in 
the marsh at low tide. Another species that may be considered opportunistic is 
blue crab. Though total crab biomass was high in the collections of nekton 
exiting the marsh, it was not clear if they were feeding on the marsh surface.
Blue crabs may have remained on the creek bottom during the inundation of the 
marsh and may not occur on the marsh surface (Mense and Wenner, 1989).
More recent studies in the Chesapeake Bay have shown that blue crabs use the 
marsh surface (Yozzo and Smith, 1998, Cicchetti, 1998). In spite of variability, 
significant numbers of different opportunistic species were captured on each ebb 
tide.
Inland silversides showed unpredictable patterns of marsh utilization. 
Unlike the other opportunistic species, the sporadic high abundance of inland 
silversides made them potentially very important as an energy pathway.
Previous studies have documented inland silversides feeding on insects at the
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water surface. Rozas and Odum (1987a), found inland silversides to be the third 
most numerous fish on the marsh surface, however, they were rarely collected in 
SAV. A study in the North River (Florida) showed that although inland silversides 
were collected during the day and night, they fed at night in the marsh (Odum, 
1970). Previous studies suggest Atlantic silversides are visual feeders (Spracker 
and Austin, 1997). Silversides may contribute more to potential energy transfer 
than opportunistic species. Further research in tidal freshwater marshes is 
needed to address marsh utilization and energy transfer by inland silversides and 
other species that are classified as opportunistic species in this study.
Transient Species
Bluegill were probably the most important transient fish in transferring 
energy from the marsh to the open water habitats. Juvenile sunfish (30-60mm 
SL) and sub-adults (60-100mm SL) accounted for most of the fish collected in the 
marsh. Bluegill consistently used the marsh in large numbers on a daily basis. 
Bluegill consumed a large number of marsh invertebrates and the majority of 
these fish returned to the subtidal habitats by low tide.
Adult bluegill utilized the marsh, but were generally smaller than those 
found in the river. Previous electroshocking studies in Morris Creek by the 
Virginia Department of Game and Inland Fisheries have shown that adult sunfish 
were present in the open water habitats, and were much more abundant than 
those collected in the marsh. Bluegill ranged from 86 to 157mm (TL) in the open 
water (Fowler, pers. commun.) compared to 33 to 166mm (TL) in the marsh. The 
largest adult sunfish present in the river may potentially utilize the marsh habitats
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though their use was not documented in previous tidal freshwater marsh studies. 
Adults may have remained in the shallow water habitats of the marsh until it was 
no longer profitable as a feeding habitat before moving into the river.
It is difficult to determine how much of the daily rations of bluegill were 
consumed from the marsh habitats. Bluegill collected in the marsh seemed to be 
feeding constantly during the time they occupied the marsh, considering only 
eight bluegill contained empty stomachs of the 190 bluegill stomachs analyzed. 
These eight fish were equally distributed with respect to size, month of collection 
and stage of tide. In general the marsh is more than a refuge for bluegill, but a 
feeding habitat for those that enter the marsh. The daily ration of bluegill in 
nontidal environments and laboratory studies was shown to be between 2-6 % of 
a fish's total wet weight but the value depends on the specific conditions and 
environments where the fish reside (Stuntz and Magnuson, 1976). Currently, 
there are no studies to determine the daily ration of bluegill in the tidal freshwater 
region of the Chesapeake Bay. Bluegill exiting the marsh averaging .4 -1.3 % 
daily rations, could potentially consume enough food during the daytime 
inundation of the marsh to at least fulfill 50 % of their daily food requirements. 
Studies show that bluegill can evacuate 50% of their stomach content in 5-6 hrs 
during the summer (Kitchell, 1970, Seaburg and Moyle, 1964). Since bluegill 
continue to feed and digest food during their potential 2-10 hrs feeding window 
when marsh habitats are flooded, bluegill could potentially fulfill their total daily 
food requirements in the marsh. This study suggests the marsh habitats and 
adjacent SAV beds in tidal freshwater marshes provide juvenile and subadult
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bluegill with nursery habitats that provide food and predation refuge.
In contrast to what has been suggested in previous nontidal studies, 
decreased predation risk in vegetated marsh habitats of tidal freshwater may 
have allowed sunfish to feed during the day even when piscivores were actively 
feeding in the creek. Bluegill move from habitat to habitat to maximize feeding 
and minimize predation risk to optimize their survival (Gotceitas and Colgan, 
1990). When confronted with high predation risk, bluegill modify feeding 
strategies by increasing their feeding rates and by reducing the time spent in 
patches with sparse vegetation and low vegetation patches with high predation 
risk (Gotceitas and Colgan, 1990). In Morris Creek Marsh, bluegill migrate into 
the marsh during the day and limit their movements into the marsh at night. The 
predation risk of bluegill by largemouth bass is complex because of possible 
switching of predatory tactics and size selective predation of bluegill due to 
changing prey visibility in decreasing light levels (Howick and O’Brien, 1983). It 
is not clear whether bluegill are sedentary at night, or stay in subtidal habitats. 
Considering that they are visual feeders, bluegill may reduce their movements at 
night after becoming satiated from daytime feeding in marsh habitats.
Just as light levels may affect marsh utilization, turbidity most likely plays 
an important role in predation risk in tidal freshwater environments. Miner and 
Stein (1996) found that the reactive distance of bluegill decreased from over 200 
cm in clear water to less than 23 cm in turbid water (10 nephelometric turbidity 
units (NTU) which is well below what is typically observed in tidal freshwater 
environments of the Chesapeake Bay. It is unclear what the effects are of high
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turbidity in terms of success of piscivores or planktivores in tidal freshwater. In a 
laboratory study that covered turbidity levels typically found in tidal freshwater (~0 
-190 NTU), the reactive distance of bluegill feeding on zooplankton was 
determined to be less than 3 cm (Gardner, 1981). Determining the overall 
consequence of turbidity to the feeding success of nekton can be difficult to 
determine since turbidity can affect both prey and predators of any one species.
Turbidity levels may cause changes in predator-prey interactions. 
Increased turbidity causes predator-prey encounters to occur at shorter 
distances, limiting the effectiveness of most antipredator behaviors (Abrahams 
and Kattenfeld, 1997). This would seem to be detrimental to nekton that depend 
on antipredator behavior such as bluegill, though they did not appear to be under 
increased predation in this study. Though turbidity was not high during the 
collection of nekton, it may be a factor during other periods of the year.
Abrahams and Kattenfeld (1997) believe that turbidity may lift some constraints 
of prey behavior in the presence of an undetected predator. Miner and Stein 
(1996) found that bluegill in turbid water were more likely to feed in areas that 
would be avoided in clear water due to their susceptibility to largemouth bass 
predation. Minello, et al, (1987) found that ambush predators such as southern 
flounder (Paralichthys lethostigma) benefit from increased turbidity, epifauna 
grazers like pinfish (Lagodon rhomboides) were hindered by turbidity and Atlantic 
croaker (Micropogonias undulatus), a bottom feeder, was not affected by 
increased turbidity. Increased turbidity was found to reduce predation by bluegill 
on zooplankton in aquariums (Gardner, 1981) which may explain a bluegill diet
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consisting of less mobile epibenthic prey. More research is needed to address 
turbidity since it does not affect all nekton to the same degree. The turbidity 
maximum, effects of the tide and sediment resuspension may provide a refuge in 
the shallow subtidal habitats adjacent to the marsh before nekton are able to 
return to the marsh habitats in the spring.
In tidal freshwater marshes, centrarchids may be most important in 
transferring marsh secondary production to adjacent open water habitats. These 
sunfish adapt their behavior to feed in inundated marsh habitats during the day. 
Bluegill utilize a habitat that provides them with an abundant food supply under 
very low predation pressure. These sunfish, by feeding on invertebrates, 
represent a larger flux of energy exiting the marsh than that represented by 
piscivores feeding in marsh habitats.
Pumpkinseed and bluespotted sunfish were not as abundant as bluegill, 
but had similar feeding habits. Juvenile pumpkinseeds are unable to efficiently 
crush snails, and typically feed on insect larvae, amphipods, and other littoral- 
zone invertebrates (Osenberg e ta i, 1992). Bluespotted sunfish were rare, but 
they also appeared to have movements and feeding habits similar to bluegill. 
Bluespotted sunfish may maintain similar feeding habits as juvenile bluegill 
throughout their life since an adult of this species is no larger than a juvenile 
bluegill or pumpkinseed. The diet of adult pumpkinseeds has been reported to 
differ from that of adult bluegill; pumpkinseeds are reported to predominately 
prey on snails instead of zooplankton as do adult bluegill (Osenburg et ai, 1992). 
The adult pumpkinseeds collected in the marsh did not contain any appreciable
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quantity of snails, and pumpkinseed fed on a diet similar to that of bluegills. 
Though pumpkinseeds are adapted to feed on snails, they do not lose efficiency 
in feeding on soft-bodied prey (Osenberg et al., 1992). Sunfish are visual 
predators, and they migrate into inundated marsh habitat predominately during 
the day when they can be more successful in feeding on invertebrates. It is clear 
that the abundance of invertebrates in these habitats provides profitable forage 
for several species of centrarchids.
The movement of juvenile sunfish is restricted to areas with dense 
vegetation in the presence of piscivores like largemouth bass (Werner et al.
1983). Predator-induced habitat shifts may result in competition for marsh 
resources. The behavioral avoidance of predators by small fish in lakes can 
produce significant effects on invertebrate size structure and abundance in littoral 
habitats (Mittlebach, 1988). In Morris Creek, the presence of piscivores may 
have led to increase centrarchid predation on the marsh invertebrate community 
as juvenile fish moved away from their predators and into marsh habitats during 
periods of inundation. High numbers of juvenile sunfish consumed a significant 
biomass of invertebrates in the marsh on a daily basis. These juvenile sunfish 
were not consumed by largemouth bass in the marsh habitats.
Resident Species
Resident species are fish that spend most of their life on the marsh 
surface. They are adapted to living in intertidal habitats, and do not always exit 
marsh habitats during ebb tide. The marsh resident species captured in this 
study included mosquitofish, banded killifish, mummichogs and grass shrimp.
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These organisms were difficult to sample since they had the ability to survive in 
depressions on the marsh surface and in the drained marsh creek at low tide. 
They were able to avoid being collected with a block weir. Abundance of 
resident marsh species was most likely underestimated if these species 
remained on the marsh surface at low tide. They were collected in abundance 
exiting the marsh during abnormally low tides, when conditions were ideal for the 
use of a block weir. Gear specifically developed to sample intertidal marsh 
surfaces is needed to assess abundance and distribution patterns of marsh 
residents.
Resident species may not have contributed to energy flow to subtidal 
habitats on every tidal cycle if they remained on the marsh surface at low tide. 
The majority of marsh production consumed by resident nekton most likely 
remained within the marsh habitats. The lower than expected number of killifish 
captured in the block weir was most likely due to a large portion of the population 
remaining in the marsh. Only a small percentage of resident nekton were 
consumed by fish predators in the marsh habitats though this small percentage 
may have provided important trophic support for recreational species, including 
largemouth bass. Banded killifish were one of the few resident species that most 
likely did not remain on the marsh surface at low tide since they prefer SAV 
(Yozzo and Smith, 1998). This may contribute to their high rate of consumption 
by largemouth bass in the marsh creeks. Resident nekton that exited the marsh 
surface during ebb tide most likely remained close to the edge of the marsh 
within the creek or along the river. These individuals were most likely available
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to predation by bass at low tide.
Though other passive sampling techniques have been more successful at 
collecting resident species on the marsh surface, the fate of much of the 
production consumed by resident nekton is unclear. This study suggests that a 
portion of the production consumed by resident nekton was distributed to open 
water habitats by piscivory whether or not resident fish migrated from the marsh 
at low tide. Grass shrimp were rarely found in the stomachs of sunfish, or 
largemouth bass in this study but were common in bass stomachs in a previous 
study at this site (Yozzo, 1994). White perch and black crappie, which were 
collected in low numbers in the marsh, consumed the highest proportion of grass 
shrimp of any predator. The pathway of export via grass shrimp may be limited 
considering that only a small fraction of the shrimp were consumed by a few 
predators. Moreover, grass shrimp only migrated into marsh habitats late in the 
summer when SAV habitat was no longer available. Grass shrimp select SAV 
over marsh habitats (Rozas and Odum, 1987a). Only when SAV becomes 
unavailable do grass shrimp select the intertidal marsh habitats (Yozzo and 
Smith, 1998). Grass shrimp may play a more important role in recycling 
secondary production within the marsh than in exporting energy from the marsh 
through predation via piscivores. In marshes that have more abundant 
piscivores annually or seasonally, resident species may have been more 
important in terms of export of marsh secondary production to subtidal habitats. 
Piscivores
Piscivores, though limited in their ability to move onto the marsh surface,
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selected habitats within the marsh creek to feed on small and juvenile fish that 
aggregate in the marsh. Largemouth bass successfully consumed marsh 
resident species in marsh habitats. Large predators migrated into the marsh 
creeks to prey on small fish, but predatory fish were smaller and less abundant in 
the marsh compared to the river. This was demonstrated by an electroshocking 
study conducted by the Virginia Department of Game and Inland Fisheries in 
Morris Creek the previous year. The size range of piscivores was much greater 
than what was collected in the marsh. Largemouth bass ranged from 150 to 
501mm total length (TL) in the open water (Fowler, pers. commun.) compared to 
100 to 328 mm (TL) in the marsh. Yellow perch ranged from 103 to 188mm (TL) 
in the open water (Fowler, pers. commun.) compared to <120mm (TL) in the 
marsh. The largest largemouth bass with the greatest capacity to feed on small 
fish were not collected in the marsh. Bass larger than 380mm, can not effectively 
forage in shallow water habitats (Wanjala et al., 1986). This may explain why, in 
tidal freshwater, bass greater than 300mm SL were not found in marsh habitats. 
Though predatory fishes may have included only smaller largemouth bass and a 
small percentage of adult fishes of other piscivorous species, they were 
important predators on marsh resident species. Grass shrimp, killifish, and 
mosquitofish represented a significant amount of energy exiting the marsh via 
piscivores.
Largemouth bass were the dominant piscivores feeding in marsh habitats 
and were the largest piscivorous species collected. Mclvor and Odum (1988) 
suggested that piscivores foraged during the entire tidal cycle over erosional
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creekbanks. Bass fed predominantly on resident prey that remained on the 
marsh surface during most of the time the marsh was inundated, though no bass 
were collected on the marsh surface during electroshocking. Large bass 
remained in the marsh creek during low water, however, which may suggest that 
they were able to move onto the marsh surface during inundation.
Largemouth bass are visual predators which are less successful in low 
light conditions, dense vegetation, and turbid water. Rozas and Odum (1988) 
determined that fish predation was reduced in marsh creeks with SAV. High 
plant densities do not allow bass to maintain visual contact with their prey 
(Savino and Stein, 1982). The dense marsh vegetation and SAV during the 
spring and summer may have decreased the predatory ability of large piscivores 
because of the increased visual barriers provided by the plant stems.
The largemouth bass that moved into the marsh habitats were not 
successful at preying on sunfish. Though no sunfish were found in the stomachs 
of piscivores collected in the marsh, other studies have shown that piscivores 
would prey on juvenile sunfish (Savino and Stein, 1982; Savino and Stein, 1989). 
In laboratory pools, largemouth bass were less successful at feeding on bluegill 
as artificial stem density increased (Savino and Stein, 1982). Though 
largemouth bass were not feeding on bluegill in the marsh, they did consume 
marsh resident nekton. The low rate of predation on juvenile sunfish was 
probably due to the complexity of the marsh habitats and the limited access by 
the largest bass. This study indicates that the marsh provides sunfish with a 
refuge from piscivores, whether SAV is present or not.
Largemouth bass were included in the gut content analysis because of 
their potential to transfer energy via predation. Juvenile and adult largemouth 
bass were feeding as piscivores in marsh habitats. Largemouth bass show 
substantial day-to-day variation in food consumption (Smagula and Adelman, 
1982). In a lake study, approximately 50% of the bass collected had empty 
stomachs (Lewis et al. 1974). Of those that fed, 90% contained only one prey 
item. If multiple prey items were consumed, they were in the same stage of 
digestion (Lewis et al., 1974). It is not uncommon for more than 50% of 
largemouth bass to have empty stomachs in non-tidal freshwater studies. The 
bass in tidal freshwater marshes seem to have more success considering that 
84% of stomachs contained nekton; this is one of the highest percentages 
recorded for largemouth bass. The stomach content was similar to that of Lewis 
et al. (1974) in that all the items in a stomach were in the same stage of 
digestion, but only 30% of the stomachs contained a prey item. Bass in this 
study tended to feed on more than one individual prey. Largemouth bass did not 
prey heavily on the larger and very abundant species of nekton (sunfish, inland 
silversides) or very abundant grass shrimp collected in the marsh.
The marsh habitat provided refuge for many species of small and juvenile 
transient fish. No sunfish and only one silverside were found in guts of 
piscivores, yet these species represented the majority of fishes collected in the 
weir. An experiment conducted in outdoor pools determined that bluegill could 
reduce predation by modifying their behavior in the presence of largemouth bass 
(Savino and Stein, 1989). The shoaling behavior of sunfish and inland
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silversides in the dense vegetation most likely decreased their vulnerability to 
piscivores in marsh habitats.
Resident species also may have experienced decreased predation 
pressure due to marsh vegetation. Grass shrimp were found in marsh vegetation 
and in SAV. Largemouth bass consumed a low number of grass shrimp (3) even 
though grass shrimp were the most abundant nekton in the marsh. Mosquitofish 
were consumed by two of the smaller bass (100mm and 173mm TL), and it was 
likely that these small bass fed in water shallower than larger bass. The larger 
bass that entered the marsh consumed three crayfish. The selection of crayfish 
by largemouth bass was quite variable in laboratory trials (Lewis et al., 1974).
The abundance of crayfish in the marsh was unknown. Only one crayfish was 
collected in the weir, and one crayfish was collected during the secondary 
production study (Diaz et. al, unpubl.). It was most likely that crayfish were not 
easily captured by the medium size bass since only bass greater than 200mm SL 
consumed crayfish in the marsh. Largemouth bass seem to have selected 
smaller resident nekton over transient species. Banded killifish, mummichogs, 
crayfish and grass shrimp made up 97% of the prey consumed. Although the 
number of largemouth bass collected was low, the data indicated high foraging 
success for bass in marsh habitats.
Banded killifish were the most common prey for largemouth bass. Only a 
few mummichogs were consumed. In general, Fundulids accounted for 63% of 
the resident marsh nekton consumed by largemouth bass. Banded killifish were 
clearly vulnerable to largemouth bass predation as they migrated into the marsh
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creek at low tide. The low diversity offish consumed by largemouth bass 
indicated that only a few species were preyed upon in the marsh.
The other piscivores that entered the marsh were juveniles, and were 
rarely collected in the marsh. One adult crappie consumed 5 grass shrimp, but 
this was the only large crappie captured in the marsh. Bluegill in the marsh 
usually did not feed on nekton but the largest bluegill captured in the weir 
consumed grass shrimp and mosquitofish in the marsh. Buegill are gape limited 
compared to crappie or bass, and the largest bluegill usually remain in the 
subtidal habitats. White perch consumed predominantly small marsh 
invertebrates but a few fish were consumed.
At this particular study site, Mclvor and Odum (1988) suggested that 
piscivores could forage during virtually all stages of the tide over erosional creek 
banks, and for a much shorter period of time over depositional creek banks. This 
study is in agreement with Mclvor and Odum on the ability of piscivores to feed in 
marsh habitats but the success of larger piscivores foraging in the marsh creek 
during low tide in Morris Creek was dependent more on the presence of prey 
than on the type of marsh edge available. There was always a predation risk to 
resident species over any type of marsh edge; large predators typically waited 
until the late stages of the ebbing tide before returning to the river. Most 
largemouth bass that moved into the marsh consumed resident species. Most of 
the predation in the marsh, however, was on soft invertebrates by juvenile and 
adult sunfish and not by large piscivores capitalizing on the abundance of 
juvenile fish.
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It is clear from this study that tidal freshwater marshes are an important 
habitat for marsh residents as well as an important nursery for juvenile sunfish. 
The large resident population of killifish and grass shrimp supported predatory 
fish that migrated into marsh habitats to feed. The interaction between habitat 
availability due to tidal inundation and predatory behavior by numerous species 
makes tidal freshwater marshes an important and complex environment. It is 
valuable to better understand the ecology offish within this specific environment 
along the salinity gradient of the estuary. Tidal freshwater marshes are 
productive environments that represent a considerable flux of energy to the 
adjacent creeks and rivers, which in turn contribute significantly to the overall 
productivity of estuarine systems.
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